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ABST,RACT 

In order tO' assess the water quality of the 
Canadian shoreline of Lake Superior, monitoring surveys 
of selected representative stations were conducted through- 
out the summer and fall of 19 73. The overall bacterial 

water quality was excellent, with the only exception being 
in the vicinity of communities in which pulp and paper mills 
were located. 



INTRO'DUCTIQN 

The nearshore monitoring was coinducted in order 
to establish a baseline assessment of the prevailing 
microbiological water quality. This baseline could then 
be used as a standard against which the effects of future 
shO'reline development on the microbiodogical water quality 
of the lake co^uld be measured. The shoreline O'f the lake is 
largely undeveloped, with isolated urban communities 
scattered alo^ng Hwy, 17. The pulp and paper industry is 
the heart of most towns along the shoreline, including Thunder 
Bay, Red Rock, and Terrace Bay.. Very little cottage develop- 
ment has taken place along the lake, with the exception of 
the Batchawana and Whitefish B.ay regions. 
METHODS : 
h. Field Pro'cedures : 

The area surveyed contained 6 7 stations running aloing 
the Lake Superior shore from Whitefish Bay to Thunder Bay. 
In addition, five ranges were established at selected podnts, 
with each range being comprised of four stations extending 
perpendicularly from the shoreline into the lake for a 
d i stance of e i gh t k i 1 ome t res . (Fig. 1 ) '",, 

Surface and depth samples were collected at each 
statio^n in sterile 237 ml rubber air syringes. The surface 
samples were collected 1,0 metres below the surface of the 
lake, while the depth samples were collected at varying depths 
up to 4 metres. The samples were sto^red on ice until they 
were delivered to the mobile laboratory for analysis. 



When received,,, the samples were aseptically transferred to sterile 
250 ml polycarbonate bottles and were analysed within 24 hrs 
of sampling using meinbrane filtration techniques. 

The shoreline statio^ns were monitored over three 
different time periods, June-July, August-September and 
September-October . 
.1,^ Laboratory Methods- 

see Laboratory Methods section of Thunder Bay report (1). 
C: Statistical Methods i 

Due tO' the spars ity of samples from each area, surface 
and depth sample results were combined to give two results 
per station per sampling run. For a complete description O'f 
the statistical methods employed, see the Statistical Methods 
section of the Thunder Bay Report, (1) 
RESULTS 

A circumspection of the data reveals that the vast 
extent of Lake Superior shO'reline is of exceedingly good microbial 
quality. Elevated coliform concentrations were only found 
off-shore from urban centres which ^. in nearly all cases, were 
areas with pulp and paper mills. Indicative o^f the excellent 
water quality in areas free of industrial development were 
the results from an intensive survey of the area from Gro'S Cap 
to Corbeil Pt. , carried out in June. Eleven stations were 
sampled on each O'f four runs within six days. 83% of the samples 
analyzed were coJiform free,, and the highest coliform cOincen- 
tratiO'n detected was 4/100 ml. Only 2 of 86 samples were 
pO'Sitive fo^r fecal coliforms. In the June-July survey, 
elevated coliform levels were found in Thunder Bay Harbour, 
Pine Bay, and Black Bay (Fig. 2) . In the August-September 
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survey, elevated coliform levels were found in Thunder B^ay 
harbo'ur and in the Batchewana and White fish Bay areas near 
Sault Ste Marie (Fig. 3). Thunder Bay Harbour was the only 
region where greatly elevated coliform levels were evident 
during the Sept .-October survey, (Fig. 4) , 

The heterotrophic bacterial coiunt in all regiO'ns was 
<2(}0/ml with the exception of Thunder Bay harbour where 
>.l 0,000/100 ml were detected. Later experimental eviden,ce 
indicated the methodology used to determine the heterotrophic 
bacterial level was inhibitory to the bacteria,. Consequently, 
the heterotrophic bacterial count is underestimated. 
DISCUSSION AND CONCLUSIONS ; 

The near shore area of Lake Superior' is of excellent 
microbiological quality. Total and fecal coliform bacteria 
were rarely detected, except in the vicinity of urban develop— 
ment and pulp and paper m,ills. The Thunder Bay region was 
consistently the most degraded section of the surveyed area. 
This is due to the large amount of industrial and municipal 
waste discharged into the bay. 

Elevated coliform levels were detected in the Batchewana 
Bay-Whitef ish Bay region during the August-September survey. 
These elevated levels may be due to the recreational and 
cottage use in, this area. 
Recommendations : 

1, ■prese,nt criteria used for bathing beaches have established 
the FC/,FS ratio as a, useful tool in defining waste sources. 
This ratio c,annot be used properly on near shore data unless 
the s,ampling procedure is changed and stations are located nearer 
to shore. Consequently, it is recomin,ended that the FS p,a,rameter 



be dropped from near-shoxB mO'nitoring surveys,, except at 
source stations, 

2. The fecal coliform parameter similarly is not o^f 
sufficient sensitivity or use to warrant its use in near- 
shore monitoring surveys.. Its use in Lake Superior may be 
limited to the region between Marathon and Thunder Bay 
where sources of fecal pollutio^n were indicated, 

3. In order to properly detect and evaluate pollution sources 
between Marathon and Thunder B.ay, the three day repeat 
monitoring type of survey, as is used on the lower Great 
Lakes ^ should be implemented in this region. 
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,Ab'S tract ; 

Surveys of Thunder Bay harbour were conducted in 197 3 and 1974 
to determ,ine whether pollution abatement progra.mmes in the area 
had resulted in improved water quality since the previous 
iiite.nsiif'e survey of 'the area in (1970) . The results demonstrated 
that distinct impro'vements in the microbial water quality of 
Thunder 3.ay harbour had taken place. However^ the Thunder Bay 
Inner Harbour was still one O'f the most bacteriolo-gically polluted 
regions of the Ointario nearshore area of Lake Superior,, 



I ntroductiO'n an.d Background 

Thunder B.ay is the mO'St heavily populated area alon.g 
the Canadian shore of Lake Superior. An effect O'f this extensive 
urbanizatioii and industrialization has been the severe impairment 
of the Kaministikwia River and Thu,nder Bay Harbour, due tO' the 
municipal and industrial wastes that have been introduced into 
the water system. Great co^ncern has been expressed over this 
contamination of the lake water as future expansion and growth 
of the region would be limited by poox water quality. 

In 1970 a complete intensive water quality survey of the 
Thunder Bay regio'n was co^nducted by the Ontario Ministry of 
the Environment (MOE) (1) , The entire Thunder Bay Inner Harbour 
and lower Kaministikwia River exceeded the limdts for recreational 
waters as set dowm in "Guidelines and Criteria for Water Q'uality 
Management in Ontario'^ which sets geometric mean (G,M) limits 
of 1000 total conforms (T.C.), 100 fecal coliforms (F.C.), and 
20 fecal streptococci (F.S.) per 100 ml . ( 2 ) . At that time 
the m,ain sources of pollution were investigated and identified 
as to their lo'cation and type. 

The Thunder Bay region was subdivided into^ three distinct 

zones! Zone 1 - The Kaministikwia River Basin, which 

extends 10 miles inland from Thunder Bay. 

Zone 2 - Thunder Bay Inner Harbour, which is bounded by 

the harbour breakwall on the east, and reaches from. 

Bare Point in the no^rth tO' a point op'posite the 

Kaministikwia River.. 

Zone 3 - Thunder Bay Outer Harbour, which includes 

the pO'Etion of Thunder Bay adjacent to the Inner Harbo^ur^. 

and extending north from Whiskey Jack Point to the Bare 

.... 3 



point pumping statiO'n and as far offshore as the Welcome Islands. 

There were five major sources of pollution in the 
Kaministikwia River Basin, The largest and mo^st extensive 
industrial pollution source was the Great Lakes Paper Co. Ltd., 
O'ther industrial pollutere included Industrial Grain Products 
Ltd,,, and Dow Chemical of Canada Ltd. The Thunder Bay SO'Uth 
Sewage Trea'tinent Plant discharges its chlorinated effluent into 
the Kaniinietikwia River and was a major source of phosphorus 
and nitro'gen in this area. In addition to these, there were 
numerO'US outfalls discharging untreated sanitary wastes directly 
into the river,. These outfalls were the main sources of bacterial 
pollution in Zone 1, and are of public health co'ncern,. 

The main industrial polluters in the Thunder D^ay Inner 
Harbour (Eone 2) were the Abitibi Forest Products Ltd., The 
Canada Malting Co, Ltd,. , and The Northern Wood Preservers Ltd, 
The major source of bacterial pollution was the Clarke St, 
Combined Sewer, which discharged untreated municipal waste into the 
harbour,, 

The major industrial sources of pollution in the Thunder Bay 
Outer Ilarbour (Zone 3) were Abitibi Forest Products Ltd., 
Thunder Bay Division, and Abitibi Paper Co. Ltd., Port William, 
nivisioii. The major bacterial pollution so'urces were the 
Lillian Street Combined Sewer and, of course, the Kaministikwia 
River,. 

TWO' baoteriologieal surveys were carried out in the Thunder 
Bay area CFig.l) in 1973. The first, conducted in August was 
an intensive, survey covering 7 stations in the Inner Ilarbour, 

,, • ,, • 4 
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18 in the Outer Harboux,, and 3 stations at the so'Uth of the 
Kaministikwia , McKellar,,. and Missio^n Rivers, The secO'n,d survey 
in October covered the same stations but due tO' surveying 
problems,^ o^nly two runs could be made instead of the planned 
intensive survey, 

In 1974, three day bacteriolo-gical surveys were conducted 
in June and O'CtO'ber (Fig, 2) to extend the data collected in 
1973. The 1974 survey area was smaller than the 1973 area, with 
more emphasis being placed on discharges emanating from the 
Kaministikwia River Area. 
riethods '; 

A) Physical : In 19 73, the samples were collected using a modified 
"'piggy-back"' sampler and sterile 237 ml, evacuated rubber syringes. 
Samples were stoired on ice immediately after sampling. When 
they arrived at the mobile laboratory they were transferred 
aseptically tO' sterlized 250i ml. po'lycarbonate bottles and 
analyzed within 12 hours of s^ampling. In 1974 „ all samples were 
collected in 6 O'Z. sterile glass bottles. Analyses fox total 
cO'liforms (T.C.)^ fecal coliform,s (F.C.) and fecal streptococci 
(F.S.) using the membrane filtratio'n technique (M.F.) as described 
in Standard Me^thods (13th edition) (3) were perfoxmed using m-EndO' 
agar Les (Difco) fox T.C, and MacConkey membrane broth (Oxoid) 
along with an incubation period of 18 hours for F.C. determinatiO'ns , 

In 19 74 two additioinal parameters were utilized, A spot 
plate technique was used to determine the hetero'trophic count 
(II. B.) (4) and Pseudomonas (P.. aex . ) densities were determined 
using a membrane filtration technique on mPA medium (5) . 
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B) Statis tical : Water quality cannO't be assessed accurately 
from a single sample because of changing environmental 
conditions. Therefore a large number of samples were taken to 
satisfy these conditions. Statistical methods were used to 
summari'ze the results concisely and to reduce biased interpretation 
of the data. An analysis of variance programme (ANO'VA) was 
used to suminarize the data. Jn this programme the calculated 
F ratio must be less than the critical F ratio (0.05 level) in 
order that sections comprise a statistically similar group. If 
the F was significant, then those stations with significantly 
different geometric means (G.M,. ) were deleted from the overall 
group to yield a group with similar means. Stations comprised 
a group, provided that they were not separated by any geographic 
barrier, that the variances of all the stations were similar 
(Bartletts' Test of Homogeneity) and that the data were normally 
distributed. Using the ANOVA progra:mjTie again, calculations 
were done o.n the deleted stations. This process was repeated 
until all possible groups were formed. The Student- t test 
(using log G.M. and S.E.) was used to compare overlapping 
homo'geneous areas from the different surveys. 

All surveys, except the October 19 7 3 survey, were 
analyzed statistically. The data obtained from the October 
1973 survey was insufficient for statistical analysis. 

Results 

B.oth the 19 73 and 1974 surveys revealed the Thunder 
Bay harbour region to be the largest heavily polluted region 
in the lake. The most heavily polluted area is located at 
the mouths of the Kaministikwia, McKellar and Missio^n Rivers. 



. . .. 6 



=me 



The current water quality criteria for bathing areas has set 
upper geometric mean (G..M.) limits of lOO'O T.C./lOO' ml. and 
lO'O F.C./lOO' ml. (6) ,. 

In August 1973, the areas at the mouths of these rivers 
(Group A) had geometric mean levels of greater tian 2000 T.C., 
19 F.C. and 35 F.S./IOO ml . (MAPS 1 & 2). During the June 
1974 survey ('MAPS 3 & 4 ) ,. this area had levels of 1890 T.C. 
297 F.C. and 66 F.S./IOO ml. while the O'Ctober 1974 survey had 
a higher T.C. level of 3400/100 ml. (RAP 5 ) and FC and FS levels 
had decreased to 40 and 64/100 ml respectively (MAP 6) . 
Although these levels, at tim.es, exceeded the MO'E recreational 
use criteria, the Kaministikwla River Basin (Zone 1) has 
improved considerably since the August 1970 survey- At that tii 
(1970), the area had T.C, F.,C.,, and F .. S . densities of 8000 
T.C, greater than 500 F.C and greater than 1000 F.S./IOO ml. 
respectively. 

The lower levels found in zone 1 in the 19 73 and 1974 surveys 
are indicative of the effectiveness of abatement in this area. 
B.oth the Great Lakes Paper Co .Ltd. and Industrial Grain Products 
Ltd. have improved their waste treatment systems extensively 
and the number of municipal outfalls that emptied directly 
into the Kaministikwla River without any treatment have been 

reduced . 

The pollution level in the Thunder Bay Inner Harbour 
(zo^ne 2) has also lessened considerably since the elimination 
of the Clark St., combined sewer which has, since the 1970 survey, 
been connectod directly to the municipal interceptor sewer. New 
facilities for treating wastes were also put into operation 
by the Abitibi Provincial Paper Division of Abitibi Forests Ltd,. 
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Zo^ne 3, Thunder Bay Outer Harbour, displayed considerably 
lO'Wer bacterial levels than the Inner Harbour and Kaminis tikwia 
River areas for all surveys. T.C., F.C, , and F . S .. levels 
in zone 3 were well below the MO'E recrea tio^nal use criteria 
Cf~'ig.2) . 

Pseudoraonad levels during the 1974 surveys were considerably 
higher towards the Kaminis t-ikwia River area (12 P . aer /10 ml. 
for both June and October surveys) than the Thunder B^ay outer 
harbour (2 P. aer/100 ml. for both June and October surveys) 
MAPS {4 & 6). The presence of P. aer is indicative of recent 
fecal material inputs. 

In June H.B. concentratiO'n in the Inner Harbour area 
was 2 62 00/ml while the Outer Harbour had lower levels of 
45600y'ml (MAP 7) ,- in October H.B. levels were 160^ , O-OO/ml . 
in the Inner Harbour and 8 90/ml in the Outer Harbour (MAP 8) . 
The H.B. concentrations found in this area indicate much 
higher nutrient concentrations in the water than found elsewhere 
alO'ttg the shoreline. 
Comparison of 197 3 and 1974 Thunder Bay Sur veys 

TVO' surveys were done in 1973 and two in 1974. However, 
the insufficiency of results per station for the O'Ctober 19 73 
survey invalidated any statistical comparisons to the 1974 
surveys. Hence o^nly the August 197 3 survey will be compared 
to the June and October 1974 surveys, Pseudoraonad and 
heterotrophic bacterial parameters were not done in 1973. 
August 19 7 3 versus June 1974 

The area aro^und the river months had similar T.C. densities 
while Thunder Bay Outer Harbour had a three fO'ld increase 
from 197 3 to 1974. 

.... 8 



7 A 



THUNPEH BAT 



m 




^ 



4i® 
28' 



STATION 532 



HB Il2000/ml 



. *fe 6 



20 



■'■)JH:-> 'H METRtS 



3000 4000 5000 METRES 



ORG N° 5953 



MAP 7 HETEROTROPHIC BACTERIA, THUNDER BAY, JUNE 24-26.1974 



?B 



THOHPFH' (**'! 



4ir 

18 





ABITtBI FOREST 
PHOOU'tTS LTiD 
IHUMDER BAY 

DIVISION. 





GROUP A 


HB i090/ml 






GROUP B 


HB 160,000/ml 



■~^ 



A 



C^J 



A I C W la 



.ll«-^' 



31-11 -M c-.NioURS IN METRES 



aO'DO 3 SO' 4O0O 8000 METRES 



V 



m^ 






20' 



DftS N° 69 9 1 



MAP 8 HiTEROTROPHIC BACTERIA, THUNDER BAY, OCT I9,20,a23, 1974 



The entire survey area had F.C. densities that rose 
markedly in 1974 over 1973. 

The survey area also had F.S. cO'ncentrations that rO'Se, 
but non-signif icantly in 1974 over 1973. 
August 1973 versus October 1974 

Towards the river mouths T.C. densities rose from 1973 
to 1974 except the north western area of the Welcome Islands 
where levels decreased in 1974. 

A similar pattern was apparent for the F.C- and F.S. 
parameters . 
Summary 

Bacterial concentrations displayed similar distribution 
patterns during the 1973 and 1974 surveys with higher levels 
at the mouths of the rivers and lower levels towards the 
O'Uter Harbour area. 

The 1974 surveys generally indicated higher bacterial 
levels than in 19 7 3 and levels frequently exceeded recreational 
use guideline. Levels from both these years, however, 
indicated that the Kaministikwia River Basin (zone 1) had 
improved considerably since the August 1970 survey. Nevertheless, 
relative to other near shore Lake Superior stations, the 
Thunder Bay Inner Harbour is greatly polluted and further 
abatement measures appear necessary to improve the deteriorated 
water quality. 
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Abstract 

Samples taken and analyzed for bacterial parameters from the 
Domtar Plume in October 1973 and in July and August 1974 indicated that the pulp 
and paper mill plume greatly exceeded the Ministry of the Environment (MOE) 
bacteriological public surface water supplies criteria (1). This plume, a vast 
reservoir of bacteria, could prove very deleterious to the aquatic environment in 
Nipigon Bay. 
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Introduction 

In 1973, a preliminary study of the Red Rock area of Nipigon Bay 
(Figure 1) was conducted to estimate types and amounts of bacteria being 
introduced into Nipigon Bay through pulp and paper mill effluents and sanitary 
waste discharges. 

In 1974, a more intensive survey of the area was done (Figure 2) to 
extend the data collected in 1973 and to detemine the biotic impact of a pulp and 
paper mill discharge to Nipigon Bay, and to define the zones of effect under 
variable climatic and waste loading conditions for the purpose of developing waste 
treatment guidelines (2). 

Methods 

a) Physical : 

In 1973, samples were collected by means of sterile 237 ml evacuated 
rubber syringes. Samples were stored on ice until they arrived at the mobile 
laboratory within 12 hours of sampling, at which time they were transferred 
aseptically to sterilized 250 ml polycarbonate bottles. In 1974, all samples were 
collected in 175 ml sterile glass bottles. Analysis for total coliforms (TC), fecal 
coliforms (FC) and fecal streptococci (FS) using the membrane filtration technique 
(MF) as described in Standard Methods (3) were performed using m-Endo agar LES 
(Difco) for TC and MacConkey membrane broth (Oxoid), along with an incubation 
period of 18 hours, for FC determinations. 

In 1974, a spot plate technique was used to determine heterotrophic 
bacterial (HB) levels. 
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b) Statistical ; 

Water quality cannot be assessed accurately from a single sample 
because of changing environmental conditions. Therefore, a large number of 
safTliples were taken to satisfy these conditions. Statistical methods were used to 
summarize the results concisely and to reduce biased interpretation of the data, 
An enalysis of variance program (ANOVA) was used to aummarize the data. In this 
programj. the calculated F ratio must be less than the critical F ratio (0,05 level) in 
order that stations comprose a statistically similar group. If the F was significant, 
then those stations in the river with significantly different geometric means (GMI) 
were deleted from the overall group to yield a group with similar means. Stations 
comprised a group provided that they were not aeparated by any geographic barrier, 
that the variancea of all the stations were similar (Bartlett's X Test of Homoge- 
neity) and that the data were normally distributed. Using the ANOVA program 
again, calculations were done on the deleted stations. This process was repeated 
until alll possible groups were formed. 



Results 



1973 : 

Due to the great numbers of bacteria present, numerous filters were 
overgrown with colonies and in these cases only a m^inimal estimate of the bacterial 
density can be made. These results are indicated by a * in Table 1. 

However, some Idea of the extent of the pollution can be determined 
by noting that: 

,li by MOE criteria the water was unusable for any purpose at stations 1, 2, 3, 

4, 5 and 7, 
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1973 



TABLE 1 



Station 
No. 


Total 
Coliform/lOO ml 


FC/lOO mil 


FS/lOO ml 


■ 1 


15000 * 


3000 


2000 


2 


15000 * 


3000 


1900 


3 


15000 * 


3000 


2300 


4 


15000 * 


3000 


1300 


5 


4800 


urn 


780 


6 


330 


100 


50 


7 


1700 


670 


460 


8 


1300 


200 


150 


9 


9i 


li 


10 


10 


w. 


li 


10 


* Actual 


coneentration greater 


than reported 
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bi water exceeded MOE criteria for Recreational Use and Private Water Use at 

stations 6 and 8. 
;^ only two of the farthest south stations (Stations 9 and 10) were of 

acceptable water quality. 

1974 : 

The m'ajority of sampling points during the July 1-4 survey (Map 1) 
had TC,, FC and FS densities of 159, 6 and 4/100 ml respectively (Group A). O'ne 
area near Nlipigon (Station 1) had a FC concentration of 79/100 ml which is 
approaching MOE Recreatioanl Use Criteria.. The FCsFS ratio here indicates 
human fecal waste as the source of contamination,,- Near the imjouth of Trout Creek 
consistenly higher densities of 6230 TC, 414 FC and 171 FS710D ml (Group B) 
indicated very poor water quality. The TC and FS levels exceeded all MOE criteria 
while the FC exceeded Recreational and Private Water Use Criteria. The FCiFS 
ratio is intermediate indicating that pollution may come from both human and non- 
human sources. The HB density for the entire survey area was homogeneous at 
52,400/ml (Group A). These densities would indicate imiugih higher levels of organic 
nutrients in the area than other neaa'shore areas unaffected by pollution. 

The miajority of sampling points during the August 5-9 survey (Map 2, 
Group A) had TC, FC and FS concentrations of 156, 23 and 9/100 mil respectively. 
The area around Trout Creek close to the mill (Groyp E) again, had higher TC levels 
(2860/100 ml), oaice more revealing serious water quality deterioration in this area. 
Downstream from Nipigon (Group B: 890 TC/lOO ml), TC levels were close to the 
MIOE criteria.. 

The HB population for miost of the survey area was 80,800 HB/ml 
(M'ap 3, Group A), once again indicating high nutrient levels. The area around the 
Sewage Treatmient Plant (STP) outfall (Group B) had a HB population ol' 2700/ml 
while the portion just northwest of Five Mile Point (Group C) had an extremely high 
population of 80,,900 HB/mi. The mill area around Trout Creek (Station 23) had 

47,800 HB/ml. 

....7 
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Conclusions 

The nearshore survey of Lake Superior indicated that bacterial levels 
Farely exceeded 300 TC, 10 FC and 20 FS/lOO nnl and generally in areas unaffected 
by point source inputs the levels for all parameters were "^5/100 ml. Therefore, it 
is possible to see from the survey results in Nipigon Bay that this area is severely 
affected by pollution. Inputs would appear to come from both Municipal and 
Industrial sources with Domtar Pulp & Paper being a major contributor. 

FCrFS ratios tend to be intermediate indicating that at least part of 
the pollution is from improperly treated human fecal matter. Samples should be 
taken right at the actual point source inputs to determine what the true ratios are. 
They may in fact indicate a major input from human waste as this FC:FS ratio 
decreases with distance from source. 

It is evident that the survey area (Nipigon Bay and River) is being 
grossly polluted and that the exact pollution inputs must be located and that 
corrective measures are required to prevent further deterioration of the area and 
enable water quality to be restored to an acceptable level. 
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ABSTRACT 

Two sets of bacterioloiglcal samples were collected and analyzed 3 

hours: apart on July 16, 1973 from 'Moberly and Jackfish Bays, The results indicated 
greater water quality impairmient in Moberly Bay than normally found in the more 

open waters of Jackfish Bay. 
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Area Deg€riptipn 

Jackfish Bay, located approximately 150 miles from Thunder Bay, 
approximates 4 square miles and is divided into Moberly Bay and Tunnel Bay on the 

west and east sidles respectively. Moberly Bay receives wastes via Blackbird Creek 
from the Kimberly-Clark Paper Company pulp mill at Terrace Bay while Tunnel 
Bay receives dlrainage fFom Jackfish Lake (Figure 1), 

Objectives 

A brief survey oif the westerly arm of Jackfish Bay from the m.outh of 
Blackbird CrBek to the area just south of St. Patrick's Island was done on July I65, 

1973 to determine the water quality at seven locations on the bay (Map 1) and to 
assess whether "significant changes have occurred since 1970"' (1). 
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FIG. 1 STUDY AREA SHO'WING BLACKBIRD CREEK AND JACKFISH BAY. 
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MAP I JACKFISH BAY SAMPLING POINTS, 1973. 



Methods 

Two sets of samples were obtained approKimately three hours apart. 
All bacteriological samples were sent for analysis to the mobile laboratory located 
in Thunder Bay. Samples were collected by means of sterile, 237 ml, evacuated 
rubber syringes and were stored on ice until they arrived at the mobile laboratory 
within 12 hours of sampling, at which time they were transferred aseptically to 
sterilized 250 ml polycarbonate bottles. Analysis for total coliforms (TC), fecal 
conforms (FC) and fecal streptococci (FS) using the membrane filtration technique 
(MF) as described in Standard Methods (2) were performed using m-Endo agar LES 
CDrfGo) for TC and MacConkey membrane broth tOfOid) for FC determf nations. 

Criteria 

The acceptable maKlmal bacterial levels for public raw water supplies 
are 5000 coliforms per 100 ml (TC/lOO ml), 500 fecal streptococci (FS/lOO ml) (3). 
RjBcreational Use waters are considered Impaired when the TC geometric mean 
exceeds 1000 per 100 ml and/or the fecal coliform geometric mean exceeds 100 
per 100 ml (3). 

"Where the ratio of fecal coliforms to fecal streptococci (calculated 
from geometric means) exceeds 4.0, the source of bacterial contamination is likely 
to be human in origin. A ratio of less than 0.7 indicates an animal or storm water 
source of bacterial contamination" (4). This ratio must be used at or in the 
immediate vicinity of the source. In addition, it does not impart information of the 
safety of the water as animals can harbour human pathogens. 
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Results and Discussion 

The very nature of the survey and type of data obtained invalid^nte 
the use of statistical analyses on the data for coimiparlson with the Ministry of the 
Environm:ent (MOE 1974) water quality criteria. 

The July 16, 1973 results (Table 1) revealed higher TC levels just 
south of the Blackbird Creek inlet (Stations 597, 598, 599, 600) than those found in 
Jackfish Bay (Stations 601, 602, 60i3). FC levels were extremiely high in Moberly 
Bay (Stations 599 and 600) during the second run, while the remaining area had 
levels of 1 FC/lOO ml. On both surface and depth samples, FS densities fluctuated 
erratically between the two runs. The lack of data makes it imipoasible to properly 
identify soyrces or evaluate the degree of variability in bacterial levels. The 
results, however, indicated a trend of generally more serious water quality 
impairment towards Moberly Bay and Blackbird Creek. 

Summary and RecommendatiQna 

1. Bacterial populations were highest at the mouth of the Blackbird Creek inlet 

to Moberly Bay with a general decrease in densities towards the open waters 

of Jackfish B.ay. These trends closely approximate those of the 1970 survey. 

However, the insufficiency of the 1973 data invalidates any statistical 

comparison to the 1970 data. 
2,. The large variablility and high counts during the 3 hours interval would 

indicate that Moberly Bay could be hazardous to recreational users should 

they be in this area, 
3, The general deterioration of the environmient around Moberly Bay restricts 

recreational activity to Tunnel Bay. 
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TABLE 1 



SUMMARY FOR DATA FROMi JACKFISH B^AY JULY 16, 1973 

(Counts per 100 ml) 



Run No. 


Station No, 


TC 


PC 


FS 


1 


597 


600 * 


I 


112 


i 


597 


- 


1 


1 


1 


597 D 


600 * 


1 


1 


t 


597 D 


m 


- 


« 


I 


598 


600 * 


1 


m 


1 


598 


^ 


i 


I 


1 


598 D 


600 * 


1 


4 


f 


598 D 


^ 


1 


1 


I 


599 


600 * 


1 


I 


I 


599 


^ 


116 


m 


1 


599 ID 


232 


1 


I 


f 


599 D' 


••* 


1 


156 


i 


6D0 


504 


1 


4 


2 


600 


- 


268 


1 


1 


600 D 


128 


1 


1 


t 


600 D 


- 


- 


- 


I 


601 


348 


1 


1 


2 


601 


260 


I 


I 


t 


601 D 


16 


1 


1 


2 


601 D 


m. 


1 


1 


1 


602 


540 


4 


4 


i 


602 


600 * 


1 


I 


1 


602 D 


m 


1 


1 


1 


602 D 


600 * 


1 


1 


1 


603 


im 


1 


1 


t 


603 


11 


1 


1 


I 


603 D 


12 


1 


1 


t 


603 D 


100 


1 


1 



* Actual conc:entratioin greater than reported. 
ID D'epth saimple. 



,...6 



-6 



4*. Impro^vedl methods of waste disposal should be adopted since the present 

eystem seems to be overloaded. 
I* Both the lack of data and its variability indicate the need for a more 

intensive survey if m:ore information is required in the future. 
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Abstract 

Bacteriological samples were collected and analyzed for two conse- 
cutive days in July and October 1973 in the effluent plume coming from the 
American Can Pulp & Paper Mill of Mlarathon. 

The results were Indicative of poorer water quality than normally 
found along the Lake Syperior nearshore area and bacterial concentrations at timps 
exceeded those set by MOE criteria. 

It is suggested that further more intensive atydies are necessary to 
properly ellucidate the pollution problem in this arBa, 
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Introduction 

Bacteriological samples were collBcted as part of the survey to 
determine water quality within the pulp and paper effluent plumes as they 
dispersed under varying wind conditions around "The Peninsula" near the Township 
of Marathon (Figure 1). The Peninsula extends approximately three-quarters of a 
mile in a northwesterly direction towards Lake Superior, 

Most of the wastewater discharged into the lake emanates fromi the 
American Can of Canda Limited operation at Marathon and from the primary 
treatment plant serving the Township of Marathon. Water quality impairment 
varies in this area depending upon the extent and degree of dispersion and mixing of 
the mill and sewage treatment plant effluents with the waters of Lake Superior. 

These effluents, which are Influenced by wind direction and water 
currents, form a thin plume on top of the lake water due to the differential 
temperature gradient that exists between effluent and lake water. 

Methods 

Field Procedures : 

The number of bacteriological samiples collected from the plumies 
were as follows; 

July 14/73 5 

July 15/73 - = = = 7 

Oct. 30/73 =. - - - 10 * 

Oct. 31/73 - - - ~ 12 * 

* Includes depth samples. 
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FIGURE I PENINSULA HARBOUR— LAKE SUPERIOR 
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Depth samples were taken for each coirresponding surface sample 
during the fall survey only. All sam'ples were collected using a imO'dified 
"piggyback" sampler and sterile 237 ml evacuated rubber syringes. Samples were 

stored on ice until they arrived at the mobile laboratory in Marathon during the 
summer surveys and at the Toronto laboratory during the fall surveys. 

Lab Procedures : 

All samples were transferred to sterile 250 ml polycarbonate bottles 
and analysis for total collforms (TC)y fecal coliforms (FC) and fecal streptococci 
(FS) using the membrane filtration technique (MF) as described in Standard Methods 
13th Ed, (1) were performed using m-Endo agar LES (Difco) for TC and MacConkey 
miembrane broth (O^xoid), along with an incubation period of 18 hours, for FC 
determinations. 

Criteria 

With full treatment supplied, the permissable bacteriological water 
quality Ministry of the Environment (MOE 1974) criteria for public surface raw 
water supplies are maximum of 5000 collform.s per 100 ml (TC/lfin ml), 500 fecal 

coliformis per 100 ml (FC/lOO ml) and 50 fecal streptococcus per 100 ml (FS/lOO 
ml) (2). Recreational Use waters are considered impaired when the TC geometric 
mean exceeds 1000 per 100 ml and the FC geometric mean exceeds 100 per 100 ml 
(2). The main use of FS is not so much in its actual concentration but rather in a 
ratio to fecal coliforms. "Where this ratio (FC/FS calculated from geometric 
means) exceeds 4.0, the source of bacterial contamination is likely to be human in 
origin, A ratio of less than 0.7 indicates an animal or stormi water source of 
bacterial contamination" (3), This ratio must be used at, or very close to,, the 
source of pollution. It can only be used to determine the source of pollution and 
not the safety of the water as animals can harbour homian pathogens. 

,..4 
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Results and Dtseussion 

During the survey periods, insufficient samples were collected to 
warrant valid statistical comiparlsons to the above CTiteria. However, the 
individual counts per station relative to the criteria will, within limits, reflect the 
degree of water quality imipairnnent in the plume areas. In addition, bacteriological 
densities can be compared to the nearshore sampling points along the Lake Superior 
coast within the vicinity of the Peninsula, 

On July 14/73, the effluent plume lay Immediately adjacent to the 
south side of the Peninsula (Map 1) while on July 15/73 the plume had shifted to a 
northwesterly direction around the tip of the Peninsula (Map 2). Bacterial 
concentrations on both days were higher than those found in unaffected nearshore 
waters (4). Thus water quality in the area is undoubtedly being adversely affected. 

The densities of TC and FC in the July 15/73 pluinne area are greater 
than on July 14/73. However, on both days the relative levels of FC and FS at the 
stations closest to the outfalls would seem to indicate that contributions are being 
made both from ' humian and non-human aources. The paucity of data, however, 
makes it impossible to properly identify the sources or evaluate the degree of 
variability in bacterial levels. 

It is of Interest to note that there appears to be a tendency for an 
increase in TC levels with increased distance from the outfalls. This miay be 
caused by growth of the coliforms within the plumie. 

The October 30' and 31/73 effluent plumies were both located south of 
the Peninsula (Maps 3 and 4) with the October 31 plume being dispersed O'ver a 
wider and more westerly direction. The data once again demonstrated great 
variability. O'n October 30/73, there was a tendency for surface stations to have 
lower TC, higher or the same FC, and higher FS concentrations than the depth 
stations. In addition, TC and FC levels were higher on October 30 than on October 
31/73, On both days bacterial levels were higher than other unaffected nearshore 
waters (4), 
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The relative levels of FC and FS of stations cloaest to the? source 
tindedl to Indicate a noin-humani source, possibly the mill effluent,, except for the 
depth stations S & R (Map 3) where FC was considerably higher than FS. The other 
depth stations on October 31 would indicate a connbined input. 

Once again, it would be necessary to obtain more data to properly 
assess the variability in bacterial densities and the FC:F5 ratios.. 

Conclusions and Recommendations 

1. The Bacterial Water Quality within the plume area is poor and is likely to 
effect adjacent nearshhore waters. To prevent this treatment facilities 
should be constituted. 

2. Data collected was not sufficient to fully assess the problem. 

3. In any future survey, a more intensive sampling pattern should be employed 
which includes (a) outfall stations to obtain more informiation on the sources 
and (b) samiples outside the plume area so the degree of impairment can 
better be assessed. 
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